We use recently observed data: the 192 ESSENCE type Ia supernovae (SNe Ia), the 182 Gold SNe Ia, the 3-year WMAP, the SDSS baryon acoustic peak, the X-ray gas mass fraction in clusters and the observational H(z) data to constrain models of the accelerating universe. Combining the 192 ESSENCE data with the observational H(z) data to constrain a parameterized deceleration parameter, we obtain the best fit values of transition redshift and current deceleration parameter zT = 0.632
Introduction
The type Ia supernovae (SNe Ia) investigations [1] , the cosmic microwave background(CMB) results from WMAP [2] observations, and surveys of galaxies [3] all suggest that the expansion of present universe is speeding up rather than slowing down. If one considers that the evolution of universe complys with the standard cosmology, the accelerated expansion of the present universe is usually attributed to the fact that dark energy (DE) is an exotic component with negative pressure. Many kinds of DE models have already been constructed such as ΛCDM [4] , quintessence [5] , phantom [6] [7] , generalized Chaplygin gas (GCG) [8] [9] , modified Chaplygin gas [10] [11] [12] , quintom [13] , holographic dark energy [14] [15] , agegraphic dark energy [16] [17] , and so forth.
On the other hand, to remove the dependence of special properties of extra energy components, a parameterized equation of state (EOS) is assumed for DE. This is also commonly called the model-independent method. The parameterized EOS of dark energy w de which is popularly used in parameter best fit estimations, describes the possible evolution of DE. For example, w de (z) = w 0 = const [18] , w de (z) = w 0 + w 1 ln(1 + z) [19] . The parameters w 0 , w 1 are obtained by the best fit estimations from cosmic observational datasets. data: 60 ESSENCE SNe [22] , 57 Supernova Legacy Survey (SNLS) SNe [23] , 45 nearby SNe [1] [24] [25] , and 30 new SNe at high redshift (0.216 ≤ z ≤ 1.755) recently discovered by the Hubble Space Telescope (HST) and classified as " Gold " SNe by Ref. [26] . The ESSENCE project [22] is a ground-based survey that design to detect about 200 SNe
Ia in the range of z = 0.2 − 0.8 to measure the EOS of DE to better than 10 percent. The SNLS and the nearby SNe data as the complementary cosmological probes have been refitted by [22] with the same lightcurve fitter used for the ESSENCE data. As regards the 30 HST SNe, it is necessary to perform a normalization [27] . Ref. [21] adopted the low redshift SNe that these samples had in common in order to normalize the luminosity distances of the samples, and the error in the normalization is included in the distance errors for the HST SNe [21] [27].
In Ref. [21] the authors applied the 192 ESSENCE SNe Ia data, the 3-year WMAP CMB shift parameter [28] [29], the baryon acoustic oscillation (BAO) peak from Sloan Digital Sky Surver (SDSS) [30] to constrain the current values of EOS of DE w 0de and dimensionless matter density Ω 0m by using several model-independent EOS of DE.
However, some other cosmological quantities such as transition redshift z T and current deceleration parameter q 0
were not discussed. On the other hand, we know that the 182 Gold SNe Ia data [26] is compiled from five distinct subsets defined by the group or instrument that discovered and analyzed the corresponding SNe data. These subsets are [31] K-correction and extinction corrections. So, the data points are also different even though for the same SNe in the two SN samples 3 . Therefore, we want to know what are the differences for the constraints on cosmological quantities from these two samples of SNe Ia respectively. In this paper, by using a parameterized deceleration parameter and model-independent EOS of DE, we apply the recent cosmic observations to constrain several cosmological quantities, such as z T , q 0 , and compare the differences for them when the constraints are obtained from the 192 ESSENCE data and the 182 Gold data, respectively. To avoid the degeneration of DE models and get the significant constraints on cosmological quantities, we combine other observational data with these two sets of SNe data, such as the 3-year WMAP CMB shift parameter, the BAO peak from SDSS, the X-ray gas mass fraction in clusters [42] and the observational H(z) data from the Gemini Deep Deep Survey (GDDS) [43] and archival data [44] [45].
The paper is organized as follows. In section 2, we apply recent cosmic observations to constrain models of the accelerating universe by using a parameterized deceleration parameter q and model-independent EOS of DE w de .
1 The two sets of SNe Ia data with their subsets are shown in the Appendix. From the Appendix it can be seen that there are 93 SNe Ia in common between the 192 ESSENCE data and the 182 Gold data(i.e., from number 81 to number 173 in TABLE IV). They include 25 nearby SNe (or 25 LR SNe), 30 HST SNe and 38 SNLS SNe. 2 The basic framework for Multicolor Light Curve Shape method to measure the luminosity distances was laid out by Ref. [38] in 2002 (i.e., MLCS2k2 method) and it has already been applied to SN Ia cosmology such as the 157 Gold SNe Ia data [40] and the 182 Gold SNe Ia data [26] . A new version of the MLCS2k2 was developed with an expanded training set by Ref. [25] and this light-curve fitting technique has also been applied to measure the luminosity distances to ESSENCE, SNLS and nearby SNe Ia in Ref. [22] . Because the basic MLCS2k2 algorithms were designed by Ref. [38] In section 3, we use the information criterion of model selection for DE models to estimate which model for an accelerating universe is distinguish by statistical analysis of observational datasets. Section 4 is the conclusion.
2. Constraining models of the accelerating universe 2.1 Constraining models of the accelerating universe using a parameterized deceleration parameter
The advantage of parameterizing q(z) is that the conclusion does not depend on any particular gravitational theory [46] . In this section we consider a parameterized deceleration parameter q(z) =
, where a, b are constants. This deceleration parameter may have the same behavior as the simple three-epoch model [46] . Originally, the 157 Gold SNe Ia data was applied to constrain the transition redshift z T by parameterizing a deceleration parameter q(z) = q 0 +q 1 z in Ref. [40] , and the result was given as z T = 0.46±0.13 (1σ) 4 . However, it was soon realized that such a parametrization can not re-produce the behavior of the cosmological constant [48] . An alternative parametrization is a simple three-epoch model of q(z) [49] [50] , where the function q(z) is not smooth. Since the current SN Ia data is still sparse, the division of the data to three different redshift bins may not be a good representation of the data [46] . Then following Ref. [50] , the authors in Ref. [46] proposed a simple smooth function q(z) = 
Substituting the expression q(z) = 
Since type Ia Supernovae behave as Excellent Standard Candles, they can be used to directly measure the expansion rate of the universe up to high redshift for comparison with the present rate. Therefore, they provide direct information on the universe , s acceleration and constrain the DE model. Theoretical dark energy model parameters are determined by minimizing the quantity
where N = 192 for the ESSENCE SNe Ia data [21] , σ 2 obs;i are errors due to flux uncertainties, intrinsic dispersion of SNe Ia absolute magnitude and peculiar velocity dispersion respectively. θ denotes model parameters. The theoretical distance modulus µ th is defined as
where 
is the prior distribution function of the current Hubble constant, and a Gaussian prior [51] is adopted in this paper. So, by using the maximum likelihood method to minimize the quantity χ We compare these results with the ones obtained from Gold SNe Ia data. Considering Ref. [46] , where z T = 0.36
was obtained by using this deceleration parameter to the 157 Gold data, it is shown that the observations from 192 ESSENCE data tend to larger value of transition redshift. According to Ref. [52] , where the model-independent method of using SNe Ia proposed and developed by Daly and Djorgovski [53] [54] has been applied to constrain models of the accelerating universe from the 182 Gold SNe Ia data. The results were given as z T = 0.35
We can see that this result of z T (or q 0 ) is smaller (or larger) than the 192 ESSENCE case.
In order to get the more stringent constraints on transition redshift z T and current deceleration parameter q 0 , we combine the 192 ESSENCE data with the observational H(z) data. The Hubble parameter H(z) depends on the differential age of the universe as a function of redshift z in the form
Therefore, the value of H(z) can be directly measured through a determination of dz/dt. By using the differential ages of passively evolving galaxies from the GDDS [43] and archival data [44] [45], Simon et al. obtained nine values of H(z) in the range of 0 < z < 1.8 [55] . Using these data we can constrain cosmological models by minimizing
where H th is the predicted value for the Hubble parameter and can be given by Eq. (2), H obs is the observed value, σ 2 obs;i is the standard deviation measurement uncertainty. Here the nuisance parameter H 0 is marginalized . Then we combine two datasets to minimize the total likelihood χ Case model By using the maximum likelihood method for Eq. (8), we obtain the best fit model parameters a = −1.288 −0.203 . It is shown that the best fit value of z T from the former combined constraint tends to larger value than the latter one. The central value of q 0 from the former combined constraint is smaller than the latter one. However, at 1σ error range the value of q 0 is almost consistent with being the same for the two combined constraints.
Constraining models of the accelerating universe using model-independent EOS of dark energy
Next we use the model-independent EOS of dark energy to constrain models of the accelerating universe and obtain the best fit values of z T and q 0 . To obtain significant constraints on cosmological quantities, we combine other four cosmic observations: the 3-year WMAP CMB shift parameter, the SDSS baryon acoustic peak, the X-ray gas mass fraction in clusters, and the observational H(z) data from the GDDS and archival data with the two samples of SNe Ia to constrain DE models. And we compare the differences for the constraints on cosmological quantities Ω 0m , w 0de , z T and q 0 from the 192 ESSENCE data and the 182 Gold data with combining with other cosmic observations.
The structure of the anisotropies of the cosmic microwave background radiation depends on two eras in cosmology, i.e., last scattering and today. They can also be applied to limit the model parameters of DE by using the shift parameter [56] 
where z rec = 1089 is the redshift of recombination. R obtained from the three-year WMAP data is [28] R = 1.70 ± 0.03.
From the CMB constraint, the best fit values of parameters in the DE models can be determined by minimizing
Because the universe has a fraction of baryons, the acoustic oscillations in the relativistic plasma would be imprinted onto the late-time power spectrum of the nonrelativistic matter [57] . Therefore, the acoustic signatures in the largescale clustering of galaxies can also serve as a test to constrain models of DE with detection of a peak in the correlation function of luminous red galaxies in the SDSS [30] . By using the equation
and A = 0.469 ± 0.017 measured from the SDSS data, z BAO = 0.35, we can minimize the χ
Where E(z) is included in the Hubble parameter and can be given by defining H(z) = H 0 E(z).
The observations of X-ray gas mass fraction in galaxy clusters provide key information on the dark matter, on the formation of structures in the universe, and can be used to constrain the cosmological parameters [59] . It is assumed that the baryon gas mass fraction in clusters [60] 
is constant, independent of redshift and is related to the global fraction of the universe Ω b /Ω 0m . In the standard cold dark matter (SCDM) model, f
SCDM gas
is [60] f SCDM gas
where
, the parameter b is a bias factor suggesting that the baryon fraction in clusters is slightly lower than for the universe as a whole, the parameter α ≃ 0.19 √ h is the ratio factor of optically luminous baryonic mass with X-ray gas contained in clusters. From Cluster Baryon Fraction (CBF), the best fit values of parameters in cosmological model can be determined by minimizing [60] 
and f SCDM gas
N = 26 is the number of the observed f gas,i and σ 2 gas,i published in Ref. [42] . Next, using the datasets of above observational techniques, we minimize the total likelihood χ
In this paper we consider two combined constraints on DE models from recently observed data, i.e., the 192 ESSENCE SNe Ia data and the 182 Gold SNe Ia data are combined with other four observational datasets, respectively. χ 2 total for these two cases can be written as χ Here we consider two model-independent EOS of DE, w de (z) = w 0 = const [18] (one-parameter model) and w de (z) = w 0 + w 1 ln(1 + z) [19] (two-parameter model). For a flat universe, the corresponding Hubble parameter H(z) and deceleration parameter q(z) are derived and listed in TABLE I for these two w de (z). Besides, we also consider the most popular model ΛCDM. The Hubble parameter H(z) and deceleration parameter q(z) for this model can be obtained from TABLE I when w 0 = −1 for the case of w de (z) = w 0 .
Thus on the basis of the expressions of H(z) and q(z) in TABLE I, we can obtain the best fit parameters against the model with its χ 2 min value by using the maximum likelihood method for Eq. (19) . Furthermore, the reduced χ 2 can also be calculated against the model. Gold+Hub+CMB+BAO+CBF, it means the former combined constraint tends to smaller current value of matter density Ω 0m than the latter one, where the central value of Ω 0m is about 0.28 ∼ 0.29 for these three DE models.
In addition, it is shown that for DE model w de (z) = w 0 + w 1 ln(1 + z), the best fit value of model parameter w 1 has small value for the both combined constraints. It may be said that the model w de (z) = w 0 + w 1 ln(1 + z) has a small correctional function relative to the case of w de (z) = w 0 = const. At last, it can be seen that for the case of 
FIG. 2:
The best fits of q(z) with 1σ error for three dark energy models constrained from 192
ESSENCE+Hub+CMB+BAO+CBF (upper) and 182 Gold+Hub+CMB+BAO+CBF (lower), respectively. 
−0.050 for these two combined constraints.
Model selection and Information criterion
Since the emphasis of the ongoing and forthcoming research is shifting from estimating specific parameters of the cosmological model to model selection [62] , it is interesting to estimate which model for an accelerating universe is distinguish by statistical analysis of observational datasets out of a large number of cosmological models. A popular but not too refined method to rate goodness of models is to compare the quantity χ 2 min /dof [27] . From TABLE II we can see that, both the 192 ESSENCE and the 182 Gold data cases show a slightly higher χ 2 min /dof for the ΛCDM model, i.e., the ΛCDM model has a less support from recent observations when compare it with other two DE models.
In this paper we also use the objective model selection criteria, including the Akaike information criterion (AIC) and the Bayesian information criterion (BIC), to estimate the strength of models.
In cosmology the information criterion (IC) was first used by Liddle [63] , and then in subsequent papers [65] [66] .
The AIC was derived by Akaike, and it takes the form
where L max is the highest likelihood in the model with the best fit parameters θ, K is the number of estimable parameters (θ) in the model. The term −2 ln L(θ | data) in Eq. (20) is called χ 2 and it measures the quality of model fit, while the term 2K in Eq. (20) interprets model complexity. The BIC is similar to the AIC, but the second term is different. It was derived by Schwarz and is written as
where n is the number of data points in the datasets. Now the question is how to assess the strength of models. We take the AIC case as an example. The value of AIC has no meaning by itself for a single model and only the relative value between different models are physically interesting.
Therefore, by comparing several models the one which minimizes the AIC is usually considered the best, and denoted by AIC min =min{ AIC i , i = 1, ..., N }, where i = 1, ..., N is a set of alternative candidate models. a ∆BIC of more than 2 (or 6) relative to the best one is considered " unsupported " (or " strongly unsupported " ) from observational data. Furthermore, it should be noticed that according to Ref. [64] , in the limit of large data points (large n) AIC tends to favor models with more parameters while BIC tends to penalize them. In what follows, we will estimate which model is the best-fit one according to the AIC and BIC for all the models in Table II . Based on the values of χ 2 min , it is shown that the best model is the one following ΛCDM in terms of its AIC value for the constraint from 192 ESSENCE+Hub+CMB+BAO+CBF, and the best one is w de (z) = w 0 for the constraint from 182 Gold+Hub+CMB+BAO+CBF. For the case of each combined constraint, taking its minimum AIC value as a reference, we obtain the AIC differences ∆ AIC i , Akaike weights w i(AIC) against alternative models. TABLE IV and V list the calculating results for the cases of two combined constraints. Note that the model selection provides quantitative information to judge the "strength of evidence", not just a way to select only one model. From TABLE IV and V, it can be seen that three DE models have almost the same support from two datasets because the values of ∆ AIC i for other two models are in the range 0-2 relative to the best one. The calculation for the BIC is similar to the AIC case, and the results are listed in TABLE IV and V, too. In this analysis, we find the best fit model is ΛCDM for the both combined constraints, and the more free parameters in DE model, the weaker support from observational data for these three DE models.
According to the AIC we can see that the model degeneration is obvious because three DE models have almost the same support from observational data. Then we expect the new probers such as SNAP and Planck surveyor can provide more accurate data and break up the model degeneration. For the BIC, it is shown that this model selection method can be a better one to avoid the model degeneration than the AIC.
Conclusion
In summary, we use the 192 ESSENCE SNe Ia data and the 182 Gold SNe Ia data combined with other observed data such as the 3-year WMAP, the BAO peak from SDSS , the X-ray gas mass fraction in clusters and the observational H(z) data from the GDDS and archival data, to constrain models of the accelerating universe.
Concretely, using the 192 ESSENCE SNe Ia data and the 9 observational H(z) data to constrain a parameterized deceleration parameter q(z) = −0.182 . Replacing the 192 ESSENCE data with the 182 Gold data in combined constraint, it can be found that at 1σ error range, this result for q 0 is almost consistent with being the same for the two combined constraints. But the result for z T at 1σ error range tends to larger value than the case of the joint analysis involving the 182 Gold data and the observational H(z) data. Furthermore, it is shown that the central value of z T (or q 0 ) for the former combined constraint is larger (or smaller) than latter one. For producing the differences of these cosmological quantities between these two combined constraints, the reason maybe is caused by the different way that the SNe magnitudes are calculated for the two samples of SNe Ia. On the other hand, since some data points in the two sets of SN data are from the different subsets, some unknown system errors from the different instruments for SNe surveys are also possible to contribute to these differences for the cosmological quantities. We also expect the more advanced probers to explore SNe in future.
Furthermore, for the cosmological quantities Ω 0m , w 0de , z T and q 0 , we compare the differences for them between the combined constraint from the 192 ESSENCE data with other four cosmic observations and the 182 Gold data with other four observations. Considering DE model ΛCDM and two model-independent EOS of dark energy, w de (z) = w 0 , w de (z) = w 0 + w 1 ln(1 + z), we plot the best fit forms of deceleration parameter q(z) with 1σ error by using two sets of SNe data with other cosmological observations. It can be seen that the cosmic acceleration could have started between the redshift z T = 0.706 Since it is interesting to estimate which model for an accelerating universe is distinguish by statistical analysis of observational datasets over many models, by applying the recent observational data to the objective information criterion of model selection, we compare with three DE models in TABLE II to assess the strength of models.
It is shown that, according to the AIC though the best model is ΛCDM for using the combined datasets of 192 ESSENCE+Hub+CMB+BAO+CBF, other two models also have the same support with the best one because the values of ∆ AIC i for them are in the range 0-2. For the case of the BIC we find the best fit model is ΛCDM for both combined constraints, and the more free parameters in DE model, the weaker support from observational data for these three DE models.
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